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Abstract
We investigate possible improvements in seismic imaging. We
discuss how the Fresnel zone relates to the migration aper-
ture and introduce the concept of the Fresnel aperture, which
is the direct time-domain equivalent, at the receivers’ surface,
of the subsurface Fresnel zone. Through these concepts we
propose a new and efficient method for optimal aperture
selection and migration. For complex media, multipathing
will occur and multiple Fresnel apertures can exist for a given
image point. In practice, due to inaccuracies and smoothing
of the background velocity macromodel, inaccuracies in the
ray-tracing method used for Green’s function computations
and possible noise corruption of the data, the true Fresnel
apertures will, in many cases, be replaced by ‘false’ ones,
with apparently new Fresnel apertures being added. Hence,
contributions from these ‘false’ Fresnel apertures cause a
noise-corrupted image of the subsurface. It is now assumed
that the single-scattered events are quite robust with respect
to the above-mentioned distortions, and that their corre-
sponding Fresnel apertures will remain essentially undistort-
ed, with the strongest amplitudes. Based on this main
assumption, we propose a method, analogous with velocity
analysis, where the strong-amplitude Fresnel apertures can
be picked interactively and at least semi-automatically.
However, as in velocity analysis, a certain amount of user
interaction has to be assumed. When this technique is com-
bined with a prestack Kirchhoff-type depth-migration
method, we call it Fresnel-aperture PSDM. This imaging
method has been applied to data from both the Marmousi
model and the North Sea. In both cases the improvements,
when compared to conventional imaging, were considerable.
Introduction
Improving the resolution of seismic images is one of the most
challenging topics in geophysics. In the study presented here,
we investigate the consequences of the band-limited nature
of seismic data when forming images of the subsurface. We
propose a new and efficient method for the so-called specu-
lar-ray selection which we denote Fresnel-aperture selection.
Previous work based on the so-called projected Fresnel zone
(Schleicher et al. 1997; Vanelle & Gajewski 2001) reported
an improvement in the S/N ratio only for data of rather poor
quality. Moreover, these works imply some knowledge of the
reflectors, including computation of curvature information,
which can be both cumbersome and difficult in complicated
media. Other authors (Tygel et al. 1993) used the so-called
multiple-weights diffraction stack. This method, based on
the work of Bleistein (1987), selects only the specular
source–receiver pairs, leaving the estimation of the Fresnel
aperture size to the user. 
The method presented here does not require any knowl-
edge apart from the conventional traveltime table and
includes geometry and nature of all the scattering objects (i.e.
reflectors and diffractors). It is also perfectly stable whatever
the complexity of the medium under consideration. In the
case of an accurate and simple velocity model, high-quality
data and a negligible multiple-contribution conventional
Kirchhoff diffraction stack, employing the complete data set
gives very much the same result as our optimized aperture
selection. However, for complex models and noise-contami-
nated data, we demonstrate the possibility of significantly
improving the image quality with the help of the Fresnel
aperture concept underlying the specular-ray selection. Note
that, if a wavefront-orientated ray-tracing method is being
used (Coman & Gajewski 2002), multivalued traveltime
tables can be computed with great accuracy but this is still
time-consuming. However, we believe that in general cases
involving complex media, multipathing imaging is not an
easy task, due to imprecisions in the velocity macromodel,
inaccuracies in the ray tracing and the problem with noisy
data including possible multiples. Furthermore, in multi-
pathing imaging, the entire multichannel data set must be
processed at one time (Operto et al. 2000), and applications
to individual common-offset gathers may provide spurious
artefacts in the individual migrated images (Xu et al. 1998).
This phenomenon can be explained in our terminology by
the so-called ‘false’ Fresnel apertures. 
Specular rays and Fresnel zones
In the high-frequency limit, the approximate solution to the
wave equation is described by ray theory. The high-frequen-
cy condition is in fact equivalent to assuming that the veloc-
ity within the medium of propagation is piecewise smooth
compared to the wavelength of the source pulse. Local dis-
continuities between continuous blocks or layers can be han-
dled kinematically by the reflection/transmission conditions.
The trajectory of the wave energy between a given
source–receiver pair is then described by geometrical optics
obeying Fermat’s principle of stationarity, which also gov-
erns the reflection/transmission paths or the so-called specu-
first break volume 22, March 2004
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lar rays. Similarly, we shall call the impact of the specular
rays on the reflectors the ‘specular reflection points’ (Fig. 1).
Note that the other ‘paraxial’ rays surrounding the specular
ray in Fig. 1 (also in Fig. 4) do not obey Fermat’s principle
and will therefore not be predicted by geometrical ray trac-
ing as is the case for the specular ray.
In the theoretical limit of infinite bandwidth, the specular
rays describe the phenomenon exactly. However, in practice
we deal with band-limited pulses, which is particularly
important when the velocity macromodel includes sharp dis-
continuities such as reflectors, edge diffractors and other
scattering objects. These sharp variations cannot accommo-
date the relatively low frequencies of the actual pulse when
classical ray theory is used. A well-known fact is that the
reflection/transmission of the incident seismic pulse involves
an appreciable volume around the specular reflection point
rather than just the point itself as described by geometrical
optics rays (Hubral et al. 1993). As waveforms are really
non-planar, reflections from a surface are returned from a
region and over an interval of time. Signal that is received at
approximately the same time cannot be separated into indi-
vidual components. Thus, we see that reflections that can be
considered as almost coincident in time at the receiver come
from a region (see Fig. 1). The area that produces the reflec-
tion is known as the first Fresnel zone (Sheriff 2002). For a
coincident source and receiver, this zone is circular and is
defined by the family of paraxial rays with a phase difference
relative to the central (specular) ray of less than half a (dom-
inant) wavelength. If the (dominant) wavelength of the pulse
is large then the zone from which the reflected energy returns
is larger and the resolution is lower. Note that the concept of
a Fresnel zone (or zones) was originally defined in optics for
pure harmonic waves (Sheriff 1980; Knapp 1991). Finally, it
is worth observing that it is, nonetheless, possible to use the
ray theory with some additional effort (dynamic ray tracing)
to estimate the Fresnel region around a given specular ray
trajectory (C
v   
erveny´ & Soares 1992).
Kirchhoff PSDM and specular-ray selection
In the work presented here, we employ a prestack Kirchhoff
depth migration algorithm to study the so-called specular-ray
selection. By the term specular-ray selection, we mean select-
ing that part of the data which gives a constructive response,
and only using this data in the migration sum. This technique
will be discussed in detail in later paragraphs. The theory of
Kirchhoff migration itself has been widely developed in the lit-
erature and so we will limit our discussion to the elements
directly related to the present work.
For the sake of clarity we now give a brief explanation of
the Kirchhoff diffraction-stack technique in practice. For sim-
plicity we omit the weighting and filtering of the data, which
can be safely ignored in the present study. Figure 2 shows a
synthetic 2D acoustic zero-offset section calculated from the
velocity model shown in Fig. 3. The time-diffraction curve
corresponding to point A is superimposed on the zero-offset
first break volume 22, March 2004
Figure 1 Illustration of the specular ray and the Fresnel zone
in a single reflection experiment.
Figure 2 The time-diffraction curve corresponding to point A
(see Fig. 3) superimposed on the zero-offset seismic section
calculated from the velocity model in Fig. 3.
Figure 3 The velocity model used in the modelling of the
zero-offset data and the calculation of the traveltime table
(i.e. the time-diffraction curves). The figure also indicates the
positions of the points A and B and the vertical profiles 1 and
2 investigated in this paper.
Figure 4 Illustration of the Fresnel aperture for a zero-offset
reflection experiment. The time-diffraction curve correspon-
ding to reflection point R is ‘tangential’ to the zero-offset
seismic events and passes through non-negligible amplitudes
within the Fresnel-aperture segment.
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seismic traces. This time-diffraction curve corresponds to
what we will measure kinematically at the surface with a zero-
offset configuration (i.e. coincident sources and receivers), if
the subsurface model consists of a scatterer at point A. All the
seismic energy lying along this diffraction curve is summed to
form the amplitude at the image point A. When the same
operation is repeated for all the image points we obtain the
migrated or image section. Note that although the discussion
in the present work involves only 2D examples, this is done
for the sake of simplicity. All the arguments and conclusions
reached are also valid for the general 3D case. We need only
to replace lines by surfaces and sections by volumes or cubes. 
The Fresnel aperture
Since the image point A in Fig. 3 is located on a reflector, its
diffraction curve (see Fig. 2) is ‘tangential’ to the zero-offset
reflected energy in a region surrounding the point of emer-
gence of the corresponding specular reflection ray at the
receiving array (see Fig. 4). (Note that the term ‘tangential’ is
used here to describe a zone of contact rather than a point,
due to the low band of source frequencies.) This is a general
observation and occurs in all cases involving an image point
located on a reflecting or diffracting surface. We denote this
tangential contact the Fresnel aperture due to its close rela-
tionship to the Fresnel zone. In fact, the correspondence
between the Fresnel zone and the Fresnel aperture is precisely
the link required to relate the time-domain seismic energy to
the space-domain image of the subsurface scattering objects.
As stated by Sheriff & Geldart (1995, p.155): ‘a specific por-
tion (or point) of the reflector will contribute to all of the seis-
mic traces whose Fresnel zones include the portion (or the
point)’. The envelope of the cluster of seismic traces thus con-
tributing to the image of a common point on the reflector
forms what we call here the Fresnel aperture. The term con-
tribute implies that the Fresnel zone of each trace includes the
image point considered. We disagree with Schleicher et al.
(1997) and Hubral et al. (1993) who equate the Fresnel aper-
ture with the projected Fresnel zone of the actual reflection.
This equivalence is justified only if the Fresnel zones of all the
reflections within the actual Fresnel zone have the same
dimensions. A homogeneous medium involving a flat reflect-
ing surface is an example of such a case. However, in arbitrary
heterogeneous media, the sizes of the Fresnel zone and the
Fresnel aperture are generally different for band-limited sig-
nals.
The Fresnel aperture shrinks as the frequency content of
the source pulse broadens to include higher frequencies. In the
limit of a perfect impulse response, the tangential contact
reduces to a single point that corresponds to the specular ray
(see Fig. 4) (Schleicher et al. 1993). Note that a perfect diffrac-
tion point is an exception to the previous rule. In that case, the
corresponding diffraction curve follows exactly the corre-
sponding scattered seismic events whatever the frequency con-
tent of the source pulse, and the Fresnel aperture then extends
theoretically to infinity. As will be demonstrated below, one of
the advantages of the method of specular-ray selection pro-
posed here is that it includes all possible classes of scattering
points. Another important feature is that outside the Fresnel
aperture the diffraction curve has short bursts of energy only
(see Fig. 2).
Figure 5 shows the same type of computations as in Fig.
2, but for image point B (see Fig. 3). Because B is not a scat-
tering point there is no tangential contact between its time-dif-
fraction curve and the scattered events of the zero-offset seis-
mic traces. Only the short bursts of energy exist, caused by the
occasional passage through the scattered events. As will be
shown in the next paragraph, the observations following from
Figs 2 and 5 form the basis of our method of specular-ray
selection.
Specular-ray and Fresnel aperture selection
We are now in a position to explain what is meant by the
specular-ray selection in migration. A perfect migration
process is one that collapses and back-propagates the seismic
events to their originating scattering (reflecting and diffract-
ing) points. The aim of the specular-ray selection in migration
is to collect only the events that actually originated (i.e. were
scattered) from the portion of the reflector we want to image.
Hence, only events within the Fresnel aperture will contribute
constructively to the sum along the time-diffraction curve.
Therefore, an efficient specular-ray selection in migration
must not only contain the specular event itself but also the rel-
evant area surrounding it, i.e. all the events within the Fresnel
first break volume 22, March 2004
Figure 6 Amplitudes of the seismic events collected along the
time-diffraction curves of (a) point A and (b) point B. These
curves are denoted diffraction operators.
Figure 5 The time-diffraction curve corresponding to point B
(see Fig. 3) superimposed on the zero-offset seismic section
calculated from the velocity model in Fig. 3.
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aperture. To avoid confusion, we will, in the following, use
the term Fresnel aperture selection instead of specular-ray
selection. 
Figures 6(a) and (b) represent the amplitudes of the seis-
mic events collected along the time-diffraction curves of
points A and B, respectively. The horizontal abscissa in each
figure is simply the x-position of the receivers. We denote this
type of curve: a diffraction operator. In migration, at each
subsurface position, the corresponding diffraction operator is
summed to form the amplitude at that location.
We can readily see the differences in the amplitude char-
acter between the two points. Point A, which is located on a
reflector (implying a tangential contact between its time-dif-
fraction curve and the seismic events) exhibits a ‘low-frequen-
cy’ amplitude behaviour precisely at the Fresnel aperture loca-
tion (approximately between 1.8 and 2.4 km). The two pas-
sages through the time-diffraction curve, one to the right and
the other immediately to the left (see Fig. 2), appear as ‘high-
frequency’ amplitude peaks. In contrast, point B, which is not
located on a reflector, exhibits only the ‘high-frequency’
amplitude peaks of the passages through the time-diffraction
curve. It is important to realize that these observations are
general and that the systematic behaviour shown here always
appears when dealing with band-limited seismic data.
Our method of Fresnel aperture selection exploits this
fact: before we sum up the amplitudes, we first low-pass filter
(zero-phase type) the amplitudes extracted along the diffrac-
tion curve (i.e. the diffraction operator) to remove or strong-
ly attenuate the high-frequency amplitude peaks thus leaving
only the relevant low-frequency part (i.e. the Fresnel aperture
area). Secondly, we carry out a spatial selection adding only
amplitudes along that ‘low-frequency’ part of the diffraction
curve. Hence, our method of Fresnel-aperture selection con-
sists of two steps: low-pass filtering and muting. In the
remaining part of this section we consider only the low-pass
filtering step and compare migrated data with and without
this filtering. The spatial-selection step will be discussed in
later paragraphs.
In Fig. 7(a), we plot, employing a seismic plotting style,
the diffraction operators corresponding to a vertical profile at
the horizontal position indicated by #1 in Fig. 3. This plot is
constructed from diffraction operators of image points sam-
pled at intervals of 10 m along the profile. If, for instance, we
plot the amplitudes along a horizontal slice (constant-depth
point) in Fig. 7(a), we obtain the diffraction operator corre-
sponding to that subsurface location (i.e. similar to the curves
shown in Fig. 6). Figure 7(b) represents the corresponding
low-pass filtered version of Fig. 7(a). The vertical dashed
white line gives the position of the corresponding profile.
From Fig. 3, it follows that this profile cuts reflectors at three
different depths, each reflector having a different dip.
Therefore we expect that the low-pass filtering identifies three
areas (or line segments for a 2D geometry). Depending on the
local dip of the corresponding reflector, the Fresnel aperture
segments will be offset from the profile position either to the
left or to the right. The amount of offset will, in general,
depend on the dip, the depth to the reflector and the complex-
ity of the overburden model. 
Note the complicated pattern in the unfiltered diffraction-
operator panel (see Fig. 7a) despite the fairly simple velocity
model. This is due to conflicting dips along the profile com-
bined with the proximity of diffracting structures as can be
seen from Fig. 3. The corresponding filtered panel (Fig. 7b)
shows clearly the efficiency of our method in selecting not
only the specular rays but all the corresponding Fresnel aper-
tures. The depths of the selected Fresnel apertures correspond
exactly to the depths of the corresponding reflectors (compare
Figs 3 and 7b). Moreover, the horizontal positions of the
Fresnel aperture segments relative to the profile position
reflect the corresponding reflectors’ dips. The two first reflec-
tors cut by profile 1 dip to the left and hence the positions of
the corresponding Fresnel apertures are shifted to the left rel-
ative the vertical position line. Similarly, the Fresnel aperture
of the third reflector is offset to the right since it corresponds
to a right-dipping reflector. Note, however, in the case of a
complex overburden the correspondence between a reflector’s
first break volume 22, March 2004
Figure 7 (a) Raw diffraction-operator panel corresponding to
profile 1 (see Fig. 3). (b) The same diffraction operators after
low-pass filtering. The vertical dashed white line indicates
the position of profile 1.
Figure 9 Image traces corresponding to profile 1 (a) and pro-
file 2 (b) obtained using both the raw diffraction operators
(left column) and the low-pass filtered diffraction operators
(right column).
Figure 8 (a) Raw diffraction-operator panel corresponding to
profile 2 (see Fig. 3). (b) The same diffraction operators after
low-pass filtering. The vertical dashed white line indicates
the position of profile 2.
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dip and its position in the diffraction-operator panel will be
more complicated.
So far we have considered only reflected contributions and
therefore we now give an example involving diffracting struc-
tures in order to demonstrate the efficiency of our method in
such a case. To this end we chose a profile passing through a
reflector and through, or very close to, two diffracting edges
in the model shown in Fig. 3 (#2). The raw diffraction opera-
tors and their corresponding low-pass filtered versions are
shown in Figs 8(a) and (b), respectively. Consider now the
deepest diffracting edge that corresponds to the deepest
Fresnel aperture in Fig. 8(b). Since the diffracted energy con-
tains non-negligible energy only within a limited zone, the
corresponding Fresnel aperture is also limited, depending on
the diffraction amplitudes. However, we can see that the
extension is larger than for a pure reflection point (cf. the
shallowest Fresnel aperture in Fig. 8b). The geometry of the
edge (almost symmetrical for this profile) is responsible for the
(almost) centred position of the corresponding Fresnel aper-
ture with respect to the vertical position line. This is also con-
sistent with the physics of diffractions.
As noted above, the migrated trace at any profile position
is obtained simply by stacking all the traces within the diffrac-
tion-operator panel. Thus by comparing migrated traces
obtained from the raw diffraction-operator panel with those
computed from the filtered panel, we can identify possible dif-
ferences. The results of stacking the panels (i.e. both raw and
filtered versions) of the two profiles considered are shown in
Figs 9(a) and (b). Each image trace is plotted 10 times to make
the comparison easier. There are hardly any visible differences
(either in relative amplitudes or in phase) between the image
traces obtained after the low-pass filtering (i.e. stack of the fil-
tered panels) and those obtained by the normal migration
process (i.e. stack of raw panels). The same conclusion is
obtained if we consider more complex models. Figure 10
shows a constant-offset Kirchhoff prestack depth migration
(PSDM) image of a selected deep part of the complex
Marmousi model (the target area is shown in Fig. 12 and is
discussed in more detail in later sections). The migration is
based on near-offset data (200 m) and the complete data aper-
ture. Correspondingly, Fig. 11 shows the result obtained if the
diffraction-operator panels are low-pass filtered before
Kirchhoff summation. Once again, there are no noticeable dif-
ferences between the two images.
This main result is, however, not surprising. In the high-
frequency limit, the asymptotic version of the migration oper-
ator predicts a non-negligible contribution only from the
source–receiver pairs belonging to the so-called stationary
points. These points are precisely those connecting the
source–receiver pairs to the specular reflection points (see e.g.
Bleistein 1987). We have seen that the concept of specular
rays and specular reflection points in the high-frequency limit
extends to the concept of Fresnel apertures and Fresnel zones
in the band- limited case. Similarly, the solution of the migra-
tion operator extends, in the band-limited case, to include the
constructive contribution of the Fresnel aperture, instead of
the ‘specular source–receiver’ contribution only, as in the
high-frequency limit. This consistency with the theory of
migration is further evidence of the effectiveness of our
method of Fresnel aperture selection.
Aperture selection and complex media
We have already seen that the low-pass filtering associated
with our Fresnel aperture selection is inherent in the migration
process. For ideal data conditions and a simple geological
model such as that shown in Fig. 3, we have also seen that no
more than one Fresnel aperture exists for a given depth level
(in a diffraction-operator panel). However, in cases involving
complex media and imperfect data, the concept of Fresnel
aperture is of more fundamental interest. It can be used to
investigate the cause of artefacts and inaccuracies observed in
the migrated image of complex media, since apparently more
than one Fresnel aperture can exist at a given depth level in a
diffraction-operator panel. Hence, we need to develop a strat-
egy for the second step of our Fresnel aperture procedure,
namely the spatial selection, which can be applied in cases of
first break volume 22, March 2004
Figure 10 Constant-offset migration of a deep part of the
Marmousi model (target area shown in Fig. 12). Full data
aperture and no filtering applied.
Figure 12 The Marmousi velocity model with target area.
Figure 11 Constant-offset migration of the same area as in
Fig. 10. The result obtained if the diffraction-operator pan-
els are low-pass filtered before Kirchhoff summation (NB.
full data aperture).
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conflicting Fresnel apertures.
We now consider Fig. 12 which shows the Marmousi
velocity model describing quite complex geological structures.
A raw diffraction-operator panel has been computed for con-
stant-offset data (near-offset of 200 m) along the vertical line
corresponding to a horizontal position of 7.6 km in this
model. The result obtained is shown in Fig. 13 and stacking
of this panel gives the image trace at this horizontal location.
This panel exhibits a very complicated pattern and is not easy
to interpret. Employing the first step of our method of Fresnel
aperture selection (i.e. low-pass filtering of Fig. 13), we arrive
at the result shown in Fig. 14, which gives a much better
insight. When comparing Fig. 14 with Figs 7(b) and 8(b) we
see that we no longer have the case of a single Fresnel aper-
ture at a given depth level (i.e. along a horizontal slice). For a
certain depth we now observe several apertures, especially for
the deeper parts of the panel. Hence, all these apertures con-
tribute constructively to the image point sum. In the migration
carried out here, we employed a smoothed version of the
Marmousi velocity model and restricted ourselves to singly-
scattered Green’s functions (employing dynamic ray tracing).
There are several causes of these multiple Fresnel apertures,
among them being inaccuracies in the traveltime computa-
tions and the use of a single wavepath for each subsurface
position. Consequently, if the full data aperture is employed in
such cases, the migrated image will be contaminated by noise.
This type of noise is well known and has been studied in the
literature (Geoltrain & Brac 1993; Audebert et al. 1997). 
Note, however, that for a complex model, multipathing
can take place and, in the case of triplication, three true
Fresnel apertures may exist for the same depth level in a dif-
fraction-operator panel (at least if the full data volume is con-
sidered). In practice, due to inaccuracies in the complex veloc-
ity model (as well as the smoothing applied), the difficulties of
accounting accurately for multipathing, the frequent use of
subsets of the data (e.g. constant-offset data) and imperfec-
tions such as multiples in the data, we believe that only one
Fresnel aperture should be used for each depth level. In order
to select the one aperture to be used in the case that several
exist, we employ the pragmatic approach of picking the
strongest. Using this criterion for picking makes it possible to
estimate the stacking trend (i.e. the ‘centre points’ of the true
Fresnel apertures). An example of the output from an interac-
tive picking of such stacking trends is shown in Fig. 15, where
the diffraction-operator panel is computed from a North Sea
data set that will be discussed in more detail below. The red
curve represents the picked trend, whereas the superimposed
black broken curve represents the trend picked at the previous
location of the analysis. The picking of such trend curves has
a strong resemblance to velocity picking, and general methods
for automatic and interactive picking are adapted from the
latter. Finally, sizes of the Fresnel apertures have to be
assigned to the aperture curve. The method described here can
handle Fresnel aperture variations both within a single image
trace and from image trace to image trace. When this tech-
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Figure 13 Raw diffraction-operator panel corresponding to a
vertical profile at the horizontal position of 7.6 km in the
Marmousi model (see Fig. 12).
Figure 15 Example of output from an interactive analysis of
a diffraction-operator panel (North Sea data) with the picked
stacking trend indicated by the red curve. The picking crite-
rion is based on maximum-amplitude detection.
Figure 14 As Fig. 13 but after low-pass filtering. The black
arrow at the top indicates the position of the profile. The
dashed line indicates the correct trend to stack around (cor-
responding to real reflection/diffraction events along the pro-
file). The arrows inside the panel indicate some unwanted
events (i.e. ghost reflections) along the profile.
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nique is used in combination with prestack Kirchhoff depth
migration, we denote it Fresnel aperture prestack depth
migration (FAPDM).
Data application
In this section, we demonstrate the potential of the FAPDM
method employing both synthetic and field data. First we con-
sider the familiar Marmousi model shown in Fig. 12.
Synthetic seismic data exist for this model generated using
the acoustic finite-difference technique. In the tests carried out
here we chose the target area shown in Fig. 12. First, we car-
ried out the Fresnel aperture analysis as described in the pre-
vious paragraph. This analysis was performed every 250 m
(23 analyses in total), with spatial interpolation in between.
Since we want to study the seismic response as a function of
offset (or scattering angle), we consider one offset only (the
near-offset of 200 m) to demonstrate the potential of the
method. The location of each constant-offset source–receiver
pair is then defined by its midpoint, which will now be the hor-
izontal coordinate in the diffraction operator panel. Figure 10
shows the constant-offset migrated image when using the
complete aperture for each time-diffraction curve. Note that
our main interest is in the layers dipping to the right, which
include the right-side closure of the reservoir and the
oil–water contact (see arrow). The image in Fig. 10 does not
resolve these features very well. Figure 16 shows the migrated
image obtained employing the Fresnel apertures described
above. When comparing this figure with Fig. 10, we can see
the improvements for all parts of the target area (compare
also with the velocity model in Fig. 12). The overall conclu-
sion is that our FAPDM method works satisfactorily. As a ref-
erence, in Fig. 17 we have also computed the FK-filtered ver-
sion of the migrated image in Fig. 10. When we compare this
image with Fig. 16, we find that it lacks both horizontal and
vertical resolution.
In the next example we consider a North Sea field data set
and chose a target zone involving layers truncated towards
the flank of a salt dome. The seismic data were sampled at 4
ms and the record length is 7 s. It is a 60-fold data set with
offsets ranging from 108 m to 3083 m. In the migration pre-
sented here, we consider only one offset, i.e. the middle-range
offset of 1533 m. Velocity analysis was carried out every 2 km
for the full data set. Based on these stacking velocities, we
computed interval velocities, converted from time to depth
and applied smoothing. This smoothed velocity field was then
used in the Kirchhoff prestack depth migration. The quality of
the velocities for the zone of interest was controlled using
image point gathers. Figure 18 shows the migrated image
obtained when the complete data aperture is used. The depth
range covered by the image is between 1.7 and 3 km, and the
horizontal distance is 5 km. We can see from Fig. 18 that the
image is corrupted by the same type of passage through linear
noise as in the previous example.
We then applied our Fresnel aperture technique to the
same zone of interest. The analysis was carried out every 250
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Figure 19 Fresnel aperture Kirchhoff PSDM of the same data
set as shown in Fig. 18. Automatic picking of stacking trends
based on maximum-amplitude detection.
Figure 20 Fresnel aperture Kirchhoff PSDM of the same data
set as shown in Fig. 18. User-guided picking of stacking
trends.
Figure 18 Full aperture Kirchhoff PSDM of North Sea field
data (one offset of 1533 m only).
Figure 17 FK-filtered version of the image in Fig. 10. Note
the lack of resolution, both laterally and vertically.
Figure 16 Constant-offset migration employing the concept
of Fresnel aperture selection as described in the text. Selected
part of Marmousi model as shown in Fig. 12. Compare with
Fig.10.
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m, with a total of 21 panels to be picked (with spatial inter-
polation in between). Figure 19 shows the final result
obtained using the FAPDM method. Compared to Fig. 18, the
image is much better resolved for all parts except close to its
right boundary (i.e. where the layers are truncated), where
strong ringing events appear. This result is an example of
what can happen if only the strongest amplitudes in the dif-
fraction-operator panels are picked. The ringing appearance
in Fig. 19 is caused by strong coherent low-frequency noise
almost masking the real seismic signals close to the flank of
the salt dome. Repeating the Fresnel aperture analysis and
picking another trend in the panels close to the flank gives the
result shown in Fig. 20. This time the image also resolves the
truncated part of the layers very well, and the overall
improvement in resolution is striking when compared to Fig.
18. Note for example the small fault system that is marked
with the black arrow. However, the overall conclusion is that,
just as in the velocity analysis, the Fresnel aperture analysis
needs a certain amount of user interaction to ensure an opti-
mal result.
Concluding remarks
The conventional way of performing Kirchhoff (or diffrac-
tion-stack) migration is to sum amplitudes collected along dif-
fraction curves (or surfaces in 3D) after optional filtering and
weighting. However, we know that the information-carrying
trace amplitudes are contained only within a limited portion
of the diffraction curve. Therefore, adding the amplitudes
within that zone would be better than employing the complete
aperture if we are dealing with complex media, imperfect
data/velocity models and inaccurate traveltime calculations.
The problem is then how to select this zone, which we have
chosen to denote the Fresnel aperture since it is closely linked
to the classical Fresnel zone. We have proposed a method for
determining these Fresnel apertures, which is based on low-
pass filtering of the diffraction-stack operators (i.e. trace
amplitude distribution along time-diffraction curves) corre-
sponding to a given image point. In these computations we
only need access to the traveltime table. Moreover, our
method can handle both reflection and diffraction events. By
analogy with velocity analysis, the Fresnel apertures are
picked interactively and at least semi-automatically, based on
a strongest-amplitude criterion. But as in velocity analysis, a
certain amount of user interaction is needed. The correspon-
ding migration method is denoted Fresnel aperture prestack
depth migration (FAPDM). It has been applied to data from
both the Marmousi model and the North Sea. In both cases
the improvements, when compared to conventional
Kirchhoff-type PSDM, were considerable.
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